A Gram-stain-negative, strictly aerobic, motile, short-rod-shaped bacterium, designated strain THG-SQA8
A Gram-stain-negative, strictly aerobic, motile, short-rod-shaped bacterium, designated strain THG-SQA8
T , was isolated from rhizosphere soil of rose in PR China. Strain THG-SQA8 T was
closely related to members of the genus Sphingobacterium, showed the highest sequence similarities with Sphingobacterium multivorum KACC 14105 T (98.0 %) and Sphingobacterium ginsenosidimutans KACC 14526 T (97.4 %). DNA-DNA hybridization showed values of 35.2¡0.9 % and 8.8¡0.3 % DNA reassociation with S. multivorum KACC 14105 T and S. ginsenosidimutans KACC 14526 T , respectively. Chemotaxonomic data revealed that strain THG-SQA8 T possesses menaquinone-7 as the only respiratory quinone, and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 0 and C 16 : 0 as the major fatty acids. The major polar lipid was phosphatidylethanolamine. The DNA G+C content was 40.7 mol%. These data corroborated the affiliation of strain THG-SQA8 T to the genus Sphingobacterium. Thus, the isolate represents a novel species, for which the name Sphingobacterium mucilaginosum sp. nov. is proposed, with THG-SQA8 T as the type strain (5CCTCC AB 2014317 T 5KCTC
T ).
The genus Sphingobacterium, which belongs to the family Sphingobacteriaceae, was proposed by Yabuuchi et al. (1983) based on the presence of high concentrations of sphingophospholipids in cellular lipid components. Four species, Sphingobacterium antarcticum (Shivaji et al., 1992) , Sphingobacterium heparinum (Takeuchi and Yokota, 1992) , Sphingobacterium mizutaii (Yabuuchi et al., 1983) and Sphingobacterium piscium (Takeuchi & Yokota, 1992) have been reclassified as Pedobacter antarcticus (Farfán et al., 2014) , Pedobacter heparinus (Steyn et al., 1998) , Flavobacterium mizutaii (Holmes et al., 1988) and Pedobacter piscium (Steyn et al., 1998) , respectively. Recently, one novel species of the genus Sphingobacterium was described and named Sphingobacterium pakistanense (Ahmed et al., 2014) . At the time of writing, the genus Sphingobacterium contains 32 species with validly published names including Flavobacterium mizutaii, which is now generally accepted to belong to the genus Sphingobacterium as Sphingobacterium mizutaii (Choi & Lee, 2012) . These species of the genus Sphingobacterium were mostly isolated from soil, clinical specimens, compost, plants, raw milk, sludge and lake water (Albert et al., 2013; Peng et al., 2014; Schmidt et al., 2012; Sun et al., 2013; Yabuuchi et al., 1983) . Most species of the genus Sphingobacterium contain iso-C 15 : 0 , C 16 : 1 v7c, C 16 : 0 and C 17 : 0 3-OH as the main fatty acids (Feng et al., 2014; Liu et al., 2008) . Members of the genus Sphingobacterium are Gram-stain-negative, aerobic, rodshaped bacteria that are positive for catalase and oxidase, and contain menaquinone-7 (MK-7) as the characteristic respiratory quinone; the range of DNA G+C contents is 35-44 mol% (Lee et al., 2013; Wauters et al., 2012) . In this study, a novel bacterium, designated strain THG-SQA8 T , was characterized using a polyphasic taxonomic approach. Genomic DNA was extracted using a Solgent genomic DNA extraction kit. The 16S rRNA gene was amplified from the chromosomal DNA with the universal bacterial primer pair 27F and 1492R (Weisburg et al., 1991) and the purified PCR products were sequenced by Solgent (Daejeon, Korea). Sequences of related taxa were obtained from the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) and GenBank database. Multiple alignments were performed using the program CLUSTAL X (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) . All species of the genus Sphingobacterium were included in the phylogenetic tree. The phylogenetic tree was reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods by using the MEGA 6 program package (Kumar et al., 2008; Tamura et al. 2013) . The Kimura two-parameter model (Kimura, 1983) was used to calculate the evolutionary distances. The bootstrap values were calculated based on 1000 replications (Felsenstein, 1985) . T showed lower than 96.7 % similarities to other members of the genus Sphingobacterium. The phylogenetic trees also indicated that strain THG-SQA8
T was clearly affiliated with the genus Sphingobacterium and formed a phyletic line, which was distinct from the clades of related species ( Fig. 1 and Fig. S1 available in the online Supplementary Material).
Flavobacterium terrae R2A1-13 T (EF117329) T with related species of the genus Sphingobacterium. Filled circles at nodes indicate branches that were also recovered by using the maximum-parsimony algorithm. Bootstrap values (expressed as percentages of 1000 replications) over 70 % are shown at the branching points. Flavobacterium terrae R2A1-13 T (EF117329) was used as the out-group. Bar, 0.02 substitutions per nucleotide position.
The Gram reaction was determined by using a bioMérieux Gram stain kit. After culturing for 24 h at 28 8C on R2A agar, cell morphology was observed. Suspended cells were placed on carbon-and Formvar-coated nickel grids for 30 s and stained with 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then observed at 611 000 magnification by transmission electron microscopy (model JEM1010; JEOL) under standard operating conditions. Motility was tested in sulfide-indole-motility medium (Difco). Anaerobic growth was assessed in R2A broth supplemented with 0.1 % thioglycollate (w/v); air was substituted with N 2 gas. Growth at different temperatures (4, 10, 18, 25, 28, 30, 35, 37 and 45 8C) was tested in R2A broth. Salt tolerance was tested in R2A broth containing 0-5.0 % (w/v) NaCl (at intervals of 0.5 %) and growth under various pH conditions (pH 4.0-10.0, at intervals of 0.5 pH unit) was performed in R2A broth. For pH testing, two different buffers were used (final concentrations, 100 mM): acetate buffer was used for pH 4.0-7.0 and phosphate buffer was used for pH 7.0-10.0. Oxidase and catalase activity were tested using cells grown on R2A agar for 24 h, T were included as references for the biochemical tests using the same laboratory conditions. Strain THG-SQA8
T was Gram-stain-negative, motile by gliding, strictly aerobic, short-rod-shaped (0.80-1.106 0.50-0.55 mm) and had no flagella (Fig. S2) . The isolate grew well on NA, TSA, LB agar and MacConkey agar. Growth occurred at 10-37 8C, pH 5.5-8.5 and 0-3.5 % (w/ v) NaCl. According to API ZYM tests, positive results were obtained for strain THG-SQA8
T in all tests, except for b-glucuronidase, conforming to the description of members of the genus Sphingobacterium as being metabolically versatile (Sun et al., 2013) . The result of the a-chymotrypsin test was positive for strain THG-SQA8 T , but negative for S. multivorum KACC 14105
T and S. ginsenosidimutans KACC 14526 T .
Additional physiological and biochemical characteristics of strain THG-SQA8
T are summarized in the species et al., 2012) . For strains 1-3, all data (except for DNA G+C contents, which were taken from Yabuuchi et al., 1983, and Son et al., 2013) were derived from this study under the same culture conditions. All strains were oxidase-and catalase-positive, and negative for indole production, glucose acidification and the assimilation of capric acid, gluconate, D-mannitol, phenylacetic acid, capric acid and citric acid. All strains were positive for urease, b-galactosidase, hydrolysis of aesculin and DNA, and for the assimilation of maltose and D-mannose. +, Positive; 2, negative; NA, data not available. In order to determine the DNA G+C content and to perform DNA-DNA hybridization, the genomic DNA of strain THG-SQA8 T was prepared as described by Moore & Dowhan (1995) . The DNA G+C content was analysed using a reverse-phase HPLC system (Alliance 2690; Waters) as described by Mesbah et al. (1989) . The genomic DNA of Escherichia coli strain B (Sigma-Aldrich) was used as a standard. DNA-DNA hybridization was performed between strain THG-SQA8 T and S. multivorum KACC 14105 T and S. ginsenosidimutans KACC 14526 T fluorometrically with photobiotin-labelled probes in microplate wells (Ezaki et al. 1989) . Hybridization was performed with five replications for each sample. The highest and lowest values obtained were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The DNA G+C content of strain THG-SQA8
T was 40.7 mol%, which conforms to the expected range of DNA G+C contents for the genus Sphingobacterium (Lee et al., 2013 T is a representative of a novel species of the genus Sphingobacterium (Stackebrandt & Goebel, 1994) .
For cellular fatty acid analysis, cells of strain THG-SQA8 T , S. multivorum KACC 14105 T and S. ginsenosidimutans KACC T were cultured under identical conditions (the type strains exhibited similar growth rates), then biomass from the third quadrant of each plate was collected and used for preparation (http://www.microbialid.com/PDF/ TechNote_101.pdf). The cellular fatty acid profiles were prepared according to the protocol of the Sherlock Microbial Identification System (MIDI) and identified by GC (6890; Hewlett Packard) using the Sherlock Aerobic Bacterial Database (TSBA60) (Sasser, 1990) . For the extraction of polar lipids and isoprenoid quinones of strain THG-SQA8
T and polar lipids of the type strain of the closest related species, S. multivorum KACC 14105 T , cells were cultured in R2A broth for 2 days and freeze-dried after harvesting. The polar lipids of strain THG-SQA8 T and S. multivorum KACC 14105
T were extracted (Minnikin et al., 1977 (Minnikin et al., , 1984 ) and detected using two-dimensional TLC (Tindall, 1990) . For the presence of lipids, the following reagents were used: 5 % (V/V) molybdatophosphoric acid for total lipids; 0.2 % (W/V) ninhydrin for aminolipids; 2.5 % (W/V) a-naphthol/sulfuric acid for glycolipids; molybdenum blue for phospholipids (all Sigma). The isoprenoid quinones of strain THG-SQA8T and S. multivorum KACC 14105
T were analysed using a reverse-phase HPLC system (Alliance 2690; Waters) as described by Collins & Jones (1981) and Hiraishi et al. (1996) . S. multivorum KACC 14105
T was used as the standard under the same conditions.
The major cellular fatty acids (.10.0 %) of strain THG-SQA8 T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 37.8 %), iso-C 15 : 0 (23.0 %) and C 16 : 0 (10.8 %), which is consistent with the genus Sphingobacterium (Feng et al., 2014; Liu et al., 2008) . The fatty acid composition of strain THG-SQA8
T was very similar to that of S. multivorum KACC 14105
T and S. ginsenosidimutans KACC T , showing only small quantitative differences (Table 2) . Strain THG-SQA8 T contained MK-7 as the single respiratory quinone, which is typical for the genus Sphingobacterium (Lee et al., 2013) . The polar lipid profiles of strain THG-SQA8 T and S. multivorum KACC 14105
T are shown in Fig. S3 . A dark spot, which shows similar retention for both THG-SQA8 T and S. multivorum KACC 14105 T , was sphingophospholipid. The presence of sphingophospholipid among the cellular lipid components is a typical characteristic of the genus Sphingobacterium (Yabuuchi et al., 1983) . In addition, phosphatidylethanolamine, three unidentified aminophospholipids and seven unidentified lipids were detected on THG-SQA8 T . The polar lipid profile of strain THG-SQA8
T was distinguishable from that of S. multivorum KACC 14105
T by the presence of four unidentified lipids (L4-L7) and two unidentified aminophospholipids (APL2-3).
The characteristics of the novel isolate are consistent with the description of the genus Sphingobacterium with respect to the morphological, biochemical and chemotaxonomic properties. On the basis of the phylogenetic distances between strain THG-SQA8 T and recognized species of the genus Sphingobacterium, the indicated 16S rRNA gene sequence similarity values, DNA-DNA hybridization relatedness values, the combination of unique phenotypic characteristics (Table 1) , respiratory quinones, fatty acid profiles and polar lipid profiles, it is demonstrable that strain THG-SQA8
T represents a novel species of the genus Sphingobacterium, for which the name Sphingobacterium mucilaginosum sp. nov. is proposed.
Description of Sphingobacterium mucilaginosum sp. nov.
Sphingobacterium mucilaginosum (mu.ci.la.gi.no9sum. L.neut.adj. mucilaginosum slimy).
Cells are Gram-stain-negative, strictly aerobic, motile by gliding and short-rod-shaped (0.80-1.10|0.50-0.55 mm). Colonies on R2A agar are off-white and convex with entire margins after incubation for 24 h at 28 uC. Colonies become slimy and cannot be identified as single entities after prolonged incubation. Growth occurs at 10-37 uC (optimum 25-37 uC), at pH 5.5-8.5 (optimum 6.0-7.5) and at 0-3.5 % (w/v) NaCl. Strain THG-SQA8
T grows well on NA, TSA, LB agar and MacConkey agar. Catalase and oxidase activity are positive. Aesculin, DNA and CM-cellulose are hydrolysed, but casein, starch, Tween 20, Tween 80, L-tyrosine and chitin are not. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, a-glucosidase, b-glucosidase, a-galactosidase, leucine arylamidase, a-mannosidase, a-chymotrypsin, Nacetyl-b-glucosaminidase and naphthol-AS-BI-phosphohydrolase; weakly positive for b-galactosidase and a-fucosidase, and negative for b-glucuronidase. In API 20NE tests, negative results are obtained for nitrate reduction, glucose acidification, indole production, gelatin hydrolysis, gluconate, D-mannitol, phenylacetic acid, capric acid, adipic acid, malic acid and citric acid assimilation; positive results are obtained for arginine dihydrolase, urease, b-glucosidase and b-galactosidase activity, D-glucose, L-arabinose, D-mannose, N-acetylglucosamine and maltose assimilation. The major fatty acids (w10 %) are summed feature 3 (C 16 : 1 v7c and/ or C 16 : 1 v6c), iso-C 15 : 0 and C 16 : 0 . The only isoprenoid quinone is MK-7. The polar lipids comprise phosphatidylethanolamine, sphingophospholipid, seven unidentified lipids and three unidentified aminophospholipids.
The type strain, THG-SQA8
T (5CCTCC AB 2014317 T 5 KCTC 42503 T ) was isolated from the rhizosphere soil of a rose in Shangqiu, PR China. The G+C content of the genomic DNA of the type strain is 40.7 mol%.
